Background: Thyroid associated orbitopathy (TAO) comprises a spectrum of well-recognized clinical signs including exophthalmos, eyelid retraction, soft tissue swelling, ocular misalignment, keratopathy as well as a number of less common manifestations. Subconjunctival fat prolapse is a rare clinical condition occurring typically spontaneously in elderly patients with a mean age of 65-72 years. We describe subconjunctival prolapse of orbital fat as an uncommon clinical association of TAO. Materials and methods: Observational study of six patients presenting with a subconjunctival protrusion under the lateral canthus in a series of 198 consecutive cases with TAO examined at a tertiary care referral center. Results: A superotemporally located yellowish, very soft, freely mobile subconjunctival protrusion developed unilaterally in two and bilaterally in four patients with TAO (incidence 3.03%). It was one of the presenting manifestations of TAO in four of ten eyes studied and incited the diagnostic work-up for TAO in two of six patients in this series. Magnetic resonance imaging of the orbit indicated fat density in continuity with intraorbital fat in the area of protrusion. A male to female preponderance of 4:2 and an advanced mean age at onset of TAO is noteworthy for these six patients compared to the pool of 192 patients (64.8 versus 51.8 years, respectively, P=0.003) not bearing this sign. Conclusion: Subconjunctival orbital fat prolapse, a clinically impressive age-related ocular lesion, may occasionally predominate amid other clinical manifestations of TAO. It is a nonspecific sign developing most commonly among patients with a relatively advanced age at presentation. Awareness of this association may alert to the diagnosis of thyroid orbitopathy and reassure the patient and physician as to the benign character of the lesion.
Introduction
Thyroid associated orbitopathy (TAO) comprises a spectrum of ophthalmic and extraocular manifestations including eyelid retraction, exophthalmos, eyelid and conjunctival edema, extraocular muscle fibrosis and compressive optic neuropathy, resulting from autoimmune stimulation of orbit epitopes, including the adipose tissue and the extraocular muscles. 1, 2 The constellation of these findings may not always be present 3 and atypical modes of presentation, especially among euthyroid patients, may obviate the diagnosis.
A number of less common features of TAO have been reported in the literature, [4] [5] [6] [7] including superior limbic keratoconjunctivitis and prominent premalar and cheek swelling (Table 1 ). In this study we report on the finding of a prominent subconjunctival protrusion noted in the lateral canthal area of six patients with TAO and comment on the diagnostic significance of this, not previously reported to our knowledge, 1, 4, 5 clinical association.
Materials and methods
We recorded the demographic and clinical characteristics of six consecutive patients who presented with the finding of a temporally located subconjunctival swelling and were diagnosed with TAO. The study has followed the Tenets of the Declaration of Helsinki and was approved by the Institutional Review Board of Athens General Hospital "G. Gennimatas". In accordance to IRB requirements, patients consented for publication of this case series and the associated images. The sex, age at presentation of the specific sign under study as well as the age at onset of TAO, the age at onset of autoimmune dysthyroidism (when applicable), thyroid and autoimmune status as well as the therapeutic modalities employed were recorded. A complete ophthalmic examination, including visual acuity testing, an orthoptic evaluation, Hertel exophthalmometry and assessment of the clinical activity score, 8 applanation tonometry and fundoscopy (in selected time points) were performed at the initial and follow-up examinations. Magnetic resonance imaging (MRI) of the orbit was obtained in four patients.
A comparison with the demographic characteristics (age and sex) for the total pool of 192 consecutive patients with TAO not bearing this sign who were examined in the corresponding time period in the same tertiary care referral center was performed using descriptive statistics (independent samples t-test, Fisher's exact test).
Results
The first patient who drew our attention to the diagnostic significance of the superotemporal subconjunctival protrusion was a euthyroid 68-year-old man who was referred by his primary physician with the clinical suspicion of lacrimal gland enlargement in his right eye (patient #1). Five more patients, three men and two women, with a similar clinical picture and an eventual or preexisting diagnosis of TAO, were prospectively enrolled.
The lesion was located in the temporal or superior temporal quadrant in all six patients and shared the morphology of a convex smooth anterior surface, with the posterior surface disappearing within the fornix and the orbit. It was yellowish to purple-yellow, movable and could be easily repositioned into the orbit by applying direct pressure on it. The protrusion became more easily seen when the upper eyelids were elevated or the eye was rotated medially or downward and increased in size with retropulsion of the globe.
The yellowish hue of the lesion was indicative of fat composition with occasionally visible fat globules. An orbit MRI was performed in four patients and demonstrated fat density in the area of protrusion in continuity with the intraconal fat ( Figures 1B, 2D, 3B ).
The incidence of this finding in a series of 198 patients with TAO examined by one of us (KIC) in the same tertiary A history of diplopia and marked ipsilateral proptosis was reported in four patients (cases #1, 2, 4 and 5). Three patients (cases #2, 4, 5) developed a severe form of TAO. It is noteworthy that apart from impairing cosmesis, the clinical course of the specific lesion was benign, there was no need for additional therapy other than lubrication of the globe to prevent exacerbation of dry eye symptoms.
A comprehensive outline of TAO findings for each patient is provided in Table 2 .
report of cases Patient 1
A 68-year-old male presented in May 2006 complaining of a visible "mass" protruding under the lateral part of his mildly swollen right upper eyelid and intermittent diplopia.
The "mass" had a yellowish purple hue and was soft and non tender upon palpation. Upper eyelid retraction and restriction of elevation was noted in the right eye ( Figure 1A) . A systemic work-up for autoimmune dysthyroidism revealed euthyroid status and borderline elevation of anti-TSH Lid retraction (r-L) He was treated with intravenous and oral steroids with partial resolution of exophthalmos and diplopia. The prolapse did not cause any symptoms and remained unchanged after 44 months of follow-up time.
Patient 2
A 55-year-old obese woman was first examined in March 2006 complaining of diplopia and unilateral exophthalmos in the left eye (Figure 2A and B) . She reported a 2.5-year long history of TAO in the context of Graves disease, poorly responsive to intravenous methylprednisolone regimens.
She returned 3 years later with a recent onset of symptoms in the previously not involved right eye. She was particularly concerned about the emergence of a soft "lump" in the outer part of the recently involved right eye. Exophthalmos, eyelid retraction and the presence of a soft lump under the eyelid protruding above the lateral canthus were noted in the right eye ( Figure 2C ). The lesion was soft upon palpation and persisted unchanged after a 7-month follow-up time despite gradual stabilization of thyroid levels. An orbit MRI showed orbital fat prolapsing anteriorly, anterior bowing of the orbital septum and lateral displacement of the lacrimal gland which looked smaller in the involved orbit as opposed to normal size and appearance of the lacrimal gland in the contralateral left orbit ( Figure 2D ).
Patient 3
A 72-year-old man presented in October 2008 complaining of a yellowish bulge protruding under the upper eyelid of both eyes for the past 6 months and a gradually worsening "swelling" of his eyes. Clinical and paraclinical testing revealed hyperthyroidism and signs of Graves orbitopathy. An orbit MRI revealed excess orbital fat herniating anteriorly (Figure 3 ). The lacrimal gland on either side was identified in place and was of normal size. He was followed for 15 months, during that time thyroid levels stabilized, without an improvement in the size of the lesion.
Patient 4
A 72-year-old man presented in November 2008 with pronounced ocular misalignment and a conjunctival protrusion under both upper eyelids. He had been diagnosed with autoimmune hyperthyroidism 8 years before. Orbit MRI showed anterior herniation of orbital fat with the lacrimal gland identified at the normal position and size ( Figure 4A ). The patient declined strabismus surgery and has been followed for 20 months with no change in the clinical picture.
Patient 5
A 71-year-old man presented in November 2007 complaining of a "mass" like protrusion under the lateral part of both upper eyelids for the last several months ( Figure 4B ). He had previously undergone orbit decompression and strabismus surgery in both eyes elsewhere for TAO diagnosed 5 years before, confirmed with past orbit MRI scans. The lesion had a light purple-yellow hue ( Figure 4C and D) and was soft and non tender upon palpation.
Patient 6
A 65-year-old woman presented in October 2010 for evaluation of a melanocytic lesion on her right upper eyelid. She reported a long history of hypothyroidism and bilateral exophthalmos, upon remission at the time of presentation. Asymmetric bilateral subconjunctival temporal protrusions were noted ( Figure 4E ) which by history had emerged shortly after the onset of TAO. There was no change in the clinical picture after 5 months' follow-up time.
Discussion
Schmack et al 9 in their comprehensive study of histopathological findings of subconjunctival herniated orbital fat noted that 2 of 17 patients in their series had a history of endocrine orbitopathy. Saban et al 10 noted that 2 of 27 patients submitted to surgical treatment for subconjunctival fat prolapse had a history of Graves ophthalmopathy. The high prevalence derived from these reports (11.7% and 7.4%, respectively) may suggest an association between subconjunctival fat prolapse and TAO.
From the clinical standpoint, subconjunctival prolapse of orbital fat accompanied the presentation of active thyroid eye disease in four of the ten eyes reported in this series (cases #1, #2, right eye and #3) and was by simple inspection an impressive enough finding to draw the internist's and ophthalmologist's attention to initiate the work-up that led to the diagnosis of TAO and autoimmune dysthyroidism.
The prolapse developed subsequently in the course of autoimmune orbitopathy in the other three cases. The patients presented with concern about the new finding of a "mass like" lesion in the "outer part of the eye".
Orbital fat is located within the intraconal and extraconal space and is contained by Tenon's capsule, periorbita and orbital septum. Tenon's capsule is a thin membrane that envelops the eyeball, separating it from fat. It extends 
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Chatzistefanou et al from the limbus of the cornea anteriorly, to the optic nerve posteriorly and is pierced by the tendons of the extraocular muscles. 9, 11 Despite its support, orbital fat has the tendency to migrate under the influence of gravity and pressure. Any mechanism (eg, aging, surgery, trauma, disease) resulting in breaching of the surrounding connective tissue allows a forward movement of the orbital fat into either the subconjunctival space (intraconal fat) or the eyelids (extraconal fat). [12] [13] [14] [15] In contrast to prolapsed extraconal fat causing the well-known palpebral bags which is a common finding in elderly patients, subconjunctival intraorbital fat herniation is a rare clinical condition attributed to trauma or surgery 16 or occurring spontaneously, 17 typically in elderly male patients with a mean age of 65-72 years (range, 28-94 years). 12 It typically occurs in the lateral canthal area beneath the temporal or superotemporal bulbar conjunctiva as a soft yellowish mass with a convex anterior margin and faint superficial blood vessels. 14, 15, [17] [18] [19] [20] It is usually bilateral, but may also be unilateral. As the extension of prolapsed fat is often asymmetric, minor lesions in the contralateral eye may be sometimes overlooked. The pathogenesis of spontaneous subconjunctival fat prolapse is believed to be associated with an age-related acquired local attenuation of Tenon's capsule, 14 allowing the fat from the intraconal space to move forward and appear clinically as a subconjunctival mass. 13, 18 The relative contribution of raised intraorbital pressure in facilitating anterior prolapse of orbital fat has not been appreciated so far. We postulate that the raised intraorbital pressure and increase in orbital fat characteristic of TAO may predispose to anterior herniation of intraorbital fat. 21 It is reasonable that this mechanism may underlie the concurrent presentation of active TAO and subconjunctival fat prolapse in four patients in this series as well as an increased prevalence of this lesion among TAO patients in general. It is of note that exophthalmos and lid swelling, to mention only two of the most common signs of Graves ophthalmopathy, are not specific for this disease either.
Although subconjunctival fat prolapse is reported in case reports 13, 20 or small case series 12, 14, 15, 17, 18 as a rare entity, there are no data in the literature accessible to us on its incidence in the general population to compare with the 3.03% rate we noted among our TAO patients. The clinical manifestations of TAO may be encountered at variable frequencies ranging from 92% of patients developing upper eyelid retraction during the course of their disease to 3.3% developing superior limbic keratoconjunctivitis in the large prospective study by Bartley. 1 Less common signs, such as prominent malar and cheek swelling have been recognized in 1.8% of TAO patients in another series 7 (Table 1 ). Bartley and Gorman 3 noted that only 5% of patients with TAO have the complete constellation of the so-called classic findings: eyelid retraction, exophthalmos, optic nerve dysfunction, extraocular muscle involvement and hyperthyroidism. The diagnosis may be difficult in the absence of thyroid dysfunction and should rely on the combination of certain clinical features. Subconjunctival fat prolapse brought two of our patients (case #1 and #3) to medical attention initiating the work-up that led to the diagnosis of TAO; this underscores its potential value in increasing the index of suspicion for the diagnosis of TAO and hyperthyroidism. It is of note that despite the fact that it proved to be a quite impressive, and sometimes presenting clinical manifestation of TAO, it was not an isolated sign of TAO in any of our patients. Based on these remarks, we suggest that if a substantial amount of orbital fat prolapse is noted, the clinician should check carefully for other signs of TAO and the diagnosis of autoimmune dysthyroidism should be kept in mind.
From the ophthalmologist's perspective, the differential diagnosis may include lacrimal gland prolapse or enlargement, dermolipoma, subconjunctival and orbital lipomas and lymphoma. 14, 16, [21] [22] [23] [24] The differential diagnosis with a lacrimal gland mass which may also be associated with exophthalmos, inferomedial globe displacement and fullness of the eyelid (common signs of TAO, see patient #1 in this series) is of particular importance given the morbidity of lacrimal gland tumors. Enlargement of the palpebral lobe of the lacrimal gland by inflammation, infiltration or tumor produces a palpable solid mass in the superotemporal portion of the orbit and imaging findings of lacrimal gland enlargement sometimes in association with bone molding or destruction. Orbit MRI identified the lacrimal gland in a posterior and laterally displaced position ( Figure 2D ) in our patient.
Overall subconjunctival fat prolapse may easily be distinguished 25 by clinical inspection and palpation alone based on its characteristic softness, being readily indented or moved by a cotton-tip applicator. Computed tomography and MRI are definitively helpful when in doubt, showing the continuity between the prolapsed fat and the intraconal fat.
Except for the cosmetic blemish, the lesion caused no major symptomatology, hence required no treatment and no histopathological examination in our patients. Whenever judged necessary, surgical excision of fat under local anesthesia has been suggested in the literature as a safe and effective means for treating these lesions [12] [13] [14] 16, 21, [24] [25] [26] [27] with a low recurrence rate after local excision.
9,10,25

Conclusion
Based on data from this series, subconjunctival fat prolapse may be an uncommon, not isolated, but clinically impressive part of the clinical picture of TAO developing primarily among male patients with an advanced age at presentation. Awareness of this association may alert to the diagnosis of thyroid dysfunction and reassure the patient and physician as to the benign character of the lesion.
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